.2 gives the area-weighted average BC and OC mass loading and column-integrated aerosol optical properties for the CTRL case and the four sensitivity experiments (MOZEX, HIGHEX, SSAEX, and WHITE). Recall that CTRL only has sulfate, dust, and sea salt aerosols. BC is roughly doubled between MOZEX and the other experiments (HIGHEX, SSAEX, and WHITE) while OC is multiplied by roughly a factor of 2.5. Figure S .1 shows the ASO column-load of BC and OC for the four experiments. As noted in the text, BC and OC mass distributions are scaled up below 600 hPa in HIGHEX, SSAEX, and WHITE. Figure S .2 shows the vertical distribution of BC and OC mixing ratio in all experiments. Recall that while WHITE has the same BC and OC vertical distribution as HIGHEX, its carbonaceous aerosols are treated as optically scattering. Also note that, despite differences in the vertical distribution of BC aerosol between HIGHEX and SSAEX, the gross features of the response of these two experiments to bb aerosol forcing are similar. In Figure S .2 we also show the change in atmospheric temperature and all-sky shortwave heating rate relative to the CTRL case. Figure 2 shows a comparison of modeled monthly-mean AOD with monthly-mean climatological ground-based AERONET sun-photometer observations [Holben et al., 2001] and MODIS satellite retrievals [Kaufman et al. 1997] at several sites in southern Africa. In the primary biomass burning region (~0-18°S; Mongu, Senanga) where observed AOD is greatest, MOZEX tends to underestimate AOD relative to the observations while the increase in OC and BC in the other sensitivity experiments serves to better capture the peak AOD during the biomass burning season (ASO). In southeastern (Inhaca and Skukuza) and eastern Africa (not shown), which are areas more removed from the primary biomass burning region, increasing OC and BC in HIGHEX, SSAEX, and WHITE causes the model to slightly overestimate the AOD compared to AERONET (however, the model AOD remains within the AERONET observed variability). 
S.3 Base Case Climatology and Observations
In Figures S.3 , S.4, and S.5 we compare the CTRL case surface air temperature (Tsat), precipitation (P) and 850-hPa winds, low-level cloud amount (LOW), column-integrated precipitable water (WVP), and sea-level pressure (SLP) to various observations and reanalysis data. These date are described below. We provide these plots for reference and comparison; it is beyond the scope of this paper to discuss discrepancies between CTRL and the observations and reanalysis. However, it must be noted that the CTRL case lacks carbonaceous (BC and OC) aerosols in this region. In Figure S .3 and S.
4 we present the average surface air temperature (Tsat), total precipitation, 850-hPa winds, low-cloud amount, and column-integrated water vapor averaged for ASO for the year 2000. In Figure S .5 we show the ASO sea-level pressure and 850-hPa winds.
NASA MERRA reanalysis:
The NASA Global Modeling and Assimilation Office's (GMAO) Modern-Era Retrospectiveanalysis for Research and Applications (MERRA) is a reanalysis for the satellite era produced in the NASA Goddard Earth Observing System Version 5 (GEOS-5) data assimilation model (DAS) [Rienecker et al., 2008] . It focuses on historical analysis of the hydrological cycle on a broad range of weather and time scales and covers the period 1979-2007 (http://gmao.gsfc.nasa.gov/research/merra).
The analysis is performed at a horizontal resolution of 2/3° longitude by 1/2° latitude and 72 levels (top at 0.01 hPa). Data presented here can be obtained using the NASA GIOVANNI web-based application (http://disc.sci.gsfc.nasa.gov/giovanni).
CRU Temperature Data
The Climate Reasearch Unit (CRU) of the University of East Anglia in conjunction with Hadley
Center of the UK Met Office produce a gridded monthly-mean 5° by 5° record of combined land and marine air temperature anomalies (HadCRUT3) for the period 1850-present [Brohan et al., 2006; Rayner et al., 2006] . These anomalies vary from the base period 1961 -1990 [Jones et. al, 1999] ). Data is available for download from http://www.cru.uea.ac.uk/cru/data/temperature/. Here we present the average of August, September, and October for 2000.
GPCP Monthly Rainfall
The Global Precipitation Project (GPCP) provides a global merged rainfall analysis for research and analysis (http://www.gewex.org/gpcp.html). GPCP merges data from 6,000 rain gauge stations and satellite geostationary and low-orbit infrared passive microwave and sounding observations. These data are used to estimate monthly rainfall on a 2.5° by 2.5° global grid from 1979 to the present. 
S.5 Supplemental Material References
Brohan, P. et al. Figure 1 (a-b) . Minimum, maximum, and average monthly-mean column integrated AOD (from the AERONET climatology tables, Level 2, Version 2) at each AERONET station during the dry season (August-September-October). The number of monthly-mean observations and the period over which the observations were taken is also given. 
